INTRODUCTION
Cystic fibrosis (CF) is an autosomal, recessive genetic disorder that is one of the most common among European, North American and Australian populations. It significantly shortens the survival time of patients. In Poland, it occurs in 1 per 4394 newborns 1 . Over recent decades the patients' life has extended, mainly thanks to integrated, multidisciplinary care. Great expectations are associated with the implementation of innovative therapies (molecular therapy, gene therapy) that can provide a significant breakthrough in treatment 2, 3 . Until the large-scale promising therapies are implemented, the effective modification of the course of the disease and the improvement of the lives of patients with CF are still determined by a reliable assessment of the physical and psycho-emotional status and the multidirectional standard therapy with its efficacy control. It is important to identify factors that may disturb the broadly defined functioning of the CF patient. Some of the recognized factors that destabilize the patient's well-being and directly or indirectly affect the life of an individual are sleep disorders, pain, and negative emotional states, such as anxiety and depression.
Scientific reports on sleep quality in patients with CF indicate the widespread prevalence of sleep disorders in this group of patients 4 , with simultaneous undesirable effects on many areas of physical and mental functioning [5] [6] [7] [8] . Although factors that improve the quality of sleep and the condition of the body are being sought and implemented (e.g. including the role of melatonin)(ref. 9 ), sleep disorders such as insomnia is still an important problem. Insomnia disorder is characterized by difficulty falling asleep, difficulty staying asleep or poor sleep quality, and it leads to impaired daytime functioning, tiredness, fatigue and sleepiness 10 . The lack of sleep or its improper architecture in CF patients leads, among others, to cognitive and behavioural deficits, which can reduce the ability to achieve goals and succeed in life. The analysis of scientific reports proves that the presence of sleep disorders not only affects the quality of life of CF patients, but also determines its expectancy 11 . Also, the assessment of pain, anxiety and depression in a patient appears to be crucial because of their importance in inducing the "vicious circle" of mutual causal relationships with adverse effects on the patient. The appearance of the symptoms of anxiety or depression in this group of patients was the basis for prompt intervention and was followed by a suggestion of the proper treatment 12, 13 . Measures aiming to diagnose anxiety and depression early are recommended to be implemented depending on the severity of symptoms. They should provide help starting from psychological support, through behavioural cognitive therapy, finishing with pharmacological treatment. The incidence of negative emotional states in patients with CF is unlikely to differ from that in the general population [14] [15] [16] ; however, due to connotations with other variables negatively affecting health (e.g. respira-tory efficiency, pain) they are significant determinants of survival in CF patients [17] [18] [19] and should be assessed on a regular basis. The pursuit of knowledge and understanding of the mutual relationships between variables, as well as the extension of research in this area can significantly improve the detection of negative factors and optimize the quality of medical care, with the consequent better emotional and physical condition of patients.
The purpose of the study was to: 1) assess the incidence of insomnia in adolescents and young adults with cystic fibrosis, 2) evaluate the relationship between insomnia and the quality of life, 3) investigate whether demographic and clinical factors and negative emotional states are predictors of insomnia in these patients.
MATERIAL AND METHODS

Patient recruitment and assessment
The study was conducted among 95 cystic fibrosis patients aged [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The study involved patients who had agreed to participate voluntarily (the legal guardian's consent was also obtained for patients under 18 years of age). The study excluded patients after lung transplantation, those with diagnosed mental illness, in the terminal state, and with clinical worsening (aggravation of dyspnoea and cough, coughing up sputum, the use of assisted breathing or respirotherapy) in the 4 weeks prior to enrolment, or those who had had traumatic experiences in the last 6 months (e.g. relationship breakdown, death of a significant person, job loss).
The method of diagnostic survey with the questionnaire technique was used in the study, including Computer-Assisted Web Interview (CAWI) and the analysis of medical records.
In order to collect demographic data (age, gender) and basic information about the general state of patients' health (BMI, current analgesic treatment, comorbidities) a self-constructed questionnaire was used. Values of the basic breathing parameter of the last 4 weeks -FEV1 -were obtained from the patients' medical records. The severity of insomnia symptoms, quality of life, intensity of pain and emotional state (anxiety, depression) were assessed using standardized research tools.
Assessment of insomnia
The Polish version of AIS -Athens Insomnia Scale was used to assess insomnia 20 . The tool contains eight questions about various insomnia symptoms (range 0-24, higher scores indicating worse sleep). The first five positions allow for the identification of such symptoms of sleep disorders as difficulty in falling asleep, waking up at night, waking up early in the morning, duration, and the quality of sleep. The other three questions concern daily functioning, and assess well-being, physical and psychological efficiency, as well as the feeling of drowsiness. The symptoms are scored on a scale of 0-3 pts (where 0 means the absence of any symptom and 3 -severe intensity of symptoms) only if they occurred at least three times a week during the last month. Obtaining a minimum of 8/24 pts for a patient means the likelihood of insomnia. The AIS can be used -both in clinical practice and research -as a tool for measuring the severity of sleep problems and as a screening tool for diagnosing insomnia in adolescents and adults [20] [21] [22] .
The evaluation of the progression of bronchial-pulmonary disorders
The degree of the patient's respiratory failure was determined based on the analysis of forced expiratory volume at one second (FEV1). FEV1 >70% indicated the early stage of the disease, FEV1 <70% and >40% medium, and FEV1 <40% advanced 23 .
The evaluation of quality of life Quality of life was assessed using a questionnaire survey, CFQoL (Cystic Fibrosis Quality of Life), adapted to Polish conditions 24. It contains 52 questions (scored on a scale of 1-6), divided into 9 subscales: physical functioning, social functioning, treatment issues, chest symptoms, emotional functioning, future concerns, relationships, body image, career concerns. Global quality of life will be estimated for the purpose of this work (range: 0-100 pts, 0 -worst quality of life, 100 -best quality of life).
Pain assessment
The Numeric Rating Scale (NRS) was used to evaluate the intensity of pain 25 and the efficacy of the analgesic used by the patient, where 0 meant no pain/the lack of analgesic efficacy, and 10 -the most severe pain/maximum efficacy of analgesia.
The evaluation of anxiety and depression
The Hospital Anxiety and Depression Scale -HADS (ref. 26 ) adapted to Polish conditions 27 was used to assess anxiety and depressive symptoms. The scale consists of 7 items in the subscales: anxiety and depression. For every item, the respondent chooses one of the four answers that best describes his/her physical and mental state in the last week. Answers are coded on a 0-3 point scale. Cut-off scores are provided, discriminating normal (0-7 pts), borderline (8-10 pts) and clinical levels of symptoms (≥11 pts). HADS is a useful screening tool for identifying people with emotional disorders 28 .
Statistical analysis
Statistical analysis was performed using the Statistica 12 software, including a medical kit (StatSoft ® , Poland). Qualitative variables are expressed by number and percentage. Quantitative variables are expressed by mean and standard deviation (normal distribution) or median, upper and lower quartile (distribution deviating from normal). The normality of the distribution of variables was verified by the W Shapiro-Wilk test. Differences between the two independent groups were assessed using the t-student or Mann-Whitney U test. Intergroup differences between qualitative variables were evaluated with chi 2 and Fisher's exact tests. Correlations between numerical parameter values were determined on the basis of Spearman's (R) rank correlation coefficient. The relationship between multiple independent variables and the quantitative dependent variable was studied by means of stepwise progressive regression. The logistic regression model was used to describe the influence of quantitative variables on the dichotomic variable. The level of statistical significance was assumed at P=0.05.
RESULTS
The statistical analysis covered data obtained from 95 patients with CF, divided into 2 groups depending on the quality of sleep. The first group were patients with good sleep quality (AIS <8 pts; n=59; 62.1%), the second patients suffering from insomnia (AIS ≥ 8 pts; n=36; 37.9%).
The groups did not differ significantly in terms of age, sex, BMI, FEV1 scores, and the number of comorbidities (Table 1) . 51.6% (n=49) of patients suffered solely from the primary disease. In the remaining patients, CF was accompanied by one and more other illnesses resulting from the nature of the disease.
Prevalence of insomnia
About 40.0% (n=36) of the subjects received 8 or more AIS scores, suggesting the presence of insomnia.
The 
The evaluation of the relationship between insomnia and the quality of life
Insomnia is a factor that significant deteriorates the quality of life in patients with CF (ß=-0.5, P=0.000). The model [R ^ 2 = 0.25, F (1.93) = 31.515, P<0.000] explains the 25% change in the global quality of life. The mean values of CFQoL in patients with insomnia and those with good sleep quality were 53.5 ± 16.4 vs. 71.9 ± 14.9, respectively (t=5.613; P=0.000).
The assessment of the progression of bronchial-pulmonary disorders
The analysis of the spirometry parameter FEV1 showed that in 45.3% (n=43) of the study group FEV1 was above 70%, suggesting the early stage of the disease. The medium stage of the disease (FEV1 <70% and > 40%) was diagnosed in 42.1% (n=40), and advanced (FEV1 <40%) in 12.6% (n=12) of patients with CF.
There was no significant difference between mean values of FEV1 in the group of patients with the symptoms of insomnia and those with good sleep quality (70.6 ± 17.8 vs. 66.7 ± 25.2; t=-0.802; P=0.424). Only 4 out of 12 patients with advanced bronchial-pulmonary disorders had AIS ≥ 8 pts.
Pain assessment
In the past 2 weeks, 42.1% (n=40) of CF patients experienced pain with the maximum intensity from 2 to 10 pts on the NRS scale. The median pain intensity in patients with insomnia was significantly higher than with good sleep quality (7.0 vs. 4.5; Z=-2.746, P=0.005). A moderate positive correlation was found between the pain intensity and sleep quality (R=0.45; t=3.075, P=0.003)
The most common origin of pain was the abdomen (n=20, 55.5%), head/sinuses (n=19; 52.7%), chest (n=15, 41.7%), muscles (n=5; 13.9%), spine (n=2; 5.5%) and joints (n=2, 5.5%). Pain located at more than one site was reported by 41.7% (n=15) of patients. In order to eliminate pain the patients most often received temporary (n=28; 77.8%) analgesics from the group of non-steroidal anti-inflammatory drugs and/or non-opioids (paracetamol, metamizol). The mean efficacy of the analgesics used in the study was 7.7 ± 1.8 on a 0-10 scale.
The evaluation of anxiety and depression
Anxiety and "borderline" disorders in patients with CF were diagnosed in 16.8% (n=16) and 17.9% (n=17), respectively. On the other hand, depressive and "borderline" disorders were diagnosed in 6.3% (n=6) and 12.6% (n=12) of subjects, respectively.
In patients with symptoms of insomnia the level of both anxiety (Me: 10 vs. 4; Z=-4.549; P=0.000) and depression (Me: 6.5 vs. 2; Z=-5.534; P=0.000) was significantly higher than in the group with good sleep quality (Fig. 1) .
The analysis of selected factors determining total AIS score
In order to investigate whether the number of coexisting illnesses, age, gender, FEV1, pain intensity and the level of anxiety and depression are factors affecting total AIS score, linear regression analysis using the stepwise progressive method was performed in patients with CF. Only statistically significant variables, such as depression scores and anxiety scores, were finally introduced into the model. The model proved to be significant (F2.92 = 32.408; P<0.000), and all predictors explained a total of 41% of the dependent variable ( Table 2) .
The logistic regression model indicated that with the aggravation of anxiety and depressive symptoms the risk of insomnia increased 4.3 and 5 times, respectively (Table 3) . 
DISCUSSION
The quality of sleep is crucial to maintain the wellbeing of a young organism, especially one burdened with CF. Sleep disorders prevent complete recovery of the body, affect many areas of life, induce the development of other diseases, affect the course of the underlying disease, and disturb the next day, as well as promote anxiety and depression 29, 30 . The study results showed that nearly 40% of patients with CF had sleep disorders in the form of insomnia. This typically resulted in drowsiness during the day. The widespread prevalence of this problem has been observed in paediatric and adolescent patients 31 , as well as in adults with CF(ref. 32 ). Researchers point out that patients with CF have worse quality of sleep than healthy individuals 7, 32, 33 . The progression of bronchial-pulmonary disorders and the presence of other comorbidities further lower the quality of sleep in CF patients. Naqvi et al. 31 described the relationship between the quality of sleep and FEV1 used for monitoring of the progression of bronchial-pulmonary disorders in patients with CF. Like Silva et al. 4 , he observed that hypoxaemia and hypoventilation, which occur during sleep, were not determinants of the quality of sleep. In turn, Vandeleur et al. 32 reports that some coexisting diseases aggravate sleep disorders.
In addition to evaluating the quality of sleep, medical care in CF individuals should also include the pain reported by patients. Our study showed in subgroup of patients with pain a link between the quality of sleep and the intensity of pain 34, 35 , whose location was heterogeneous. As in the study conducted by Lechtzin et al. 36 , the abdomen and head/sinuses were the sources of pain most often indicated by patients.
Good sleep quality, pain control and psycho-emotional status are important factors determining the patient's wellbeing. It is therefore reasonable to assess the emotional state of CF patients. The results of the study showed that nearly 35% of the patients were classified as a category: "anxiety" and "borderline" disorders, and about 20% as a category: "depressive" and "borderline" disorders. It is worth adding that the proportion of patients with depression and anxiety could have been the result of their repressive adaptation. On the other hand, subjective emotions, such as anxiety, depression-like disorders and depression, deteriorate the patient's condition, and thus decrease the quality of sleep. Perhaps, the lesser ability to cope with anxiety and depression in this age group is just one of the many factors that may be responsible for the poor quality of sleep.
It is worth emphasizing that special attention should be paid to the group of patients identified as the "borderline" category, as the transition from "borderline" to "presence of disorder" can be rapid and imperceptible. Such patients ought to be carefully examined in the shortest possible time. It should be noted that HADS is not a tool for diagnosing anxiety, depression, but it merely suggests their presence, and therefore it can be used as a screening tool 27, 28 by various medical professional groups, and not just psychologists. Screening for early diagnosis of depression and anxiety is recommended because of their widespread prevalence and serious health consequences 13 . It is estimated that depression occurs in 6-29% of children and adolescents, and in 13-33% of adults 16, 37, 38 , while anxiety affects 15-30% of adolescents and 30-38% of adults with CF (ref. 15 ). Depression can be considered as a significant predictor of survival time in patients with CF. Fidika et al. 16 demonstrated the relationship between depression and FEV1, and this justifies the above conclusions. However, not all reports confirm the existence of such a relationship 39 . It does not change the fact that the detection of anxiety and depression in CF patients (by identifying factors triggering negative emotional states) and the implementation of treatment based on the patient's condition are crucial to ensure well-being. Achieving this goal is possible through proper cooperation between CF treatment and research centres 12, 13, 16, 38, 39, 40 . Negative emotions and sleep disorders disrupt the functioning of the autonomic nervous system, which is associated with a change in response of leukocytes and mediators, and this in turn can adversely affect the course of the disease. The relationship between the immune system and sleep 41, 42 , as well as the association with depression 43 , can undoubtedly be regarded as a determinant of cystic fibrosis survival.
The results of our study and those obtained by Bouka et al. 7 demonstrate that insomnia significantly lowers the quality of life. It is therefore important to quickly diagnose and treat this disorder, both for the comfort of CF patients' life and for socio-economic costs 44 . AIS, which was used in our study, is a good diagnostic tool for insomnia. Its reliability is comparable to the PSQI scale, which is commonly used in CF patients. The similar diagnostic properties of both scales have been confirmed by the meta-analysis performed by Chiu et al. 45 .
Implication for clinical practice
The analysis of our results and scientific reports indicate the need for a comprehensive, personalized approach to the difficult situation of a young person in the face of an illness and factors destabilizing the condition. Patients treated with care have a chance of reaching up to 50 years of age. It is therefore worth doing our best to improve the detection of predictors that have an impact on the quality of functioning and well-being of the patient.
Study limitations
The primary limitation of this study is the lack of an objective measure of sleep (e.g. polysomnography) and the evaluation of anxiety and depression using only a screening tool.
A further limitation is the lack of control group, the lack of information how often the subjects reported pain during the day and distinction between acute and chronic pain.
CONCLUSION
Insomnia affects a high percentage of CF patients, while anxiety and depression are factors that increase the risk of insomnia. Insomnia reduces the quality of life of CF patients.
